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PEKFORMANCE OF TWW-DUCT VARUKLELGEOPIIETRY SIDE 

INLECS AT MACE NUMBERS OF 1.5 TO 2.0 

By Richard A. Yeager, MiLton A. Beheim, and John L. =ann 

SUMMARY 

The performance  of a twin-duct  air-intake  system mounted on the sides 
of a 1/8-scale  fuselage  forebody model of a proposed  aircraZt w a s  inves- 
t iga ted  at free-stream Mach nuuibers of 1.5 t o  2.0 over a range of angles 
of attack and yaw. The inlets were of the double-ramp type and w e r e  
t e s t ed  at 0' and -5O cant with respec t   to  the fuselage  centerline. The 
test waa conducted with Beverd second-ramp angles and at s e v e r a l  second- 
ramp longitudinal  positions  along the first-ramp surface. Various meth- 
ods of second-ramp surface boundary-layer r emva l  were C SO investigated. 

For a par t icular  second-ramp posit ion a s l o t   i n  the second ramp in- 
s ide  the cowl increased the subc r i t i ca l   s t ab i l i t y  over that obtained with- 
out  boundary-layer  removd,-while  perforations in the second r m p   j u s t  up- 
stream of the cowl had no effect on s t ab i l i t y .  L i t t l e  change i n  pressure 
recovery was obtained  by employing either method of boundmy-layer  control. 
Canting the inlets from Oo t o  -5O improved the total-pressure  recovery at 
posi t ive angles of attack @eater than 20 and increased  subcrit ical  sta- 
b i l i t y  at all the Mach numbers investigated. At Mach nwriber 2.0 and 2' 
angle of attack, the - 5 O - c a n t  inlet, ylelded a peak  pressure  recovery of 
86 percent and a criticd. m ~ l s s - f l o w  r a t i o  of 84 percent with 28 percent 
s t ab i l i t y .  The d is tor t ion  was  about 7 percent for cri t ical  and subcri t i -  
cal   operation. Asymmetrical duct flow occurred only  during operation 
where normal-shock osci .7t ions were observed at angle of  attack but   for  
all operating  conditions at angle of yaw. The addition of canmas on the 
fuselage upstream of the Oo-cant inlets increased the total-pressure re- 
covery and reduced d is tor t ion  at a l l  posi t ive angles of attack. 

INTRODUCTION 

An investigation hss been  conducted i n  the Lewis 8- by 6-fcrot super- 
sonic wind t unne l   t o  determine the performance  of a twln-duct  air-intake 
system mounted on the sides  of a 118-scale fuselage forebody model of a 
proposed a i r c ra f t .  The fuselage inlet configuration differed from that 
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previously  reported in   references 1 and 2 i n  G h a t  t he  fuselage  cross 
section at the  inlet s t a t ion  was more nearly trisngulaz and the  inlets 1 

were mounted nearer the top of the fuselage and fa r ther  downstream from 
the  canopy. The double-ramp inlets were tested at 0' and -9 can% with 
respect   to  the fuselage centerline. Several second-ramp angles,  several. 
second-ramp longitudinal  posittons d o n g  the  first-rauq surface, and var- 
ious methods of second-ramp surface boundary-layer remval  were employed. 
I n  addition,  for a portion of the  test, canard surfaces w e r e  mounted on 
t h e  fuselage upstream of t he  0'-cant inlets. 

- .  
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The t e s t  w-as conducted over a range of angles of attack and yaw at I- 
free-stream Mach numbers of 1.5 to  2.0. 

.. 

SYMBOLS 

The following symbols are used i n  t h i s  report: 

inlet capture  area: 16.42 sq in.  f o r  0' cant, 15.61 sq in. for 
-50 cant 

re*ence mea  (model s ta t ton  70.61), 80.10 s q  in.  

axial  component of drag  coefficienk  based on 4ef 

Mach  number 

total.  pressure 

static pressure 

model angle of attack, deg 

second-ramp extension,  in, 

model angle of yaw, deg 

Subscripts : 

0 f r e e  stream 

1 inlet survey, model station 34.78' 



3 

i j 

2 

NACA RM E56KL5 

2 diffuser  static-pressure-variation survey, model s t a t ion  48.91 
L 

3 compressor-face s ta t ion,  d e l  s t a t ion  64.97 

General Arrangement 

A photograph and a -schematic diagram of the  ,mael are  presented in 
figures 1(a) and (h] respectively. The fuselage noBe w a s  drooped 4O y i th  
respec t   to  the fusel-e centerline t o  aid pi lo t   v i s ion  rather than t o  in- 
fluence inlet performance.  Because of armament storage, a rather  sharp 
bend was necessary in the  ducts  near model s t a t ion  55 (fig.  l(b)) j u s t  
upstream of their junction. 

The compression ramps of the inlets were raised above the  fuselage 
boundary lay-; ana a combination  scoop and d lve r t e r ,   i l l u s t r a t ed   i n  fig- 
we l(b], cagtured a portion of this boundary la,yer and diverted the re- 
mainder. The f l o w  of the captured  boundary layer w88 controlled wlth 
indiv%dual exit plugs and was exhausted at the base of the  m o d e l .  Main 
diffuser  airflow w a s  &so plug-controlled. The inlets w e r e  investigated 

fuselage  centerline coo-cant inlets7 ana &so inclined downward 50 (-5 - 
cant inlets). For a p& of the test the canard surfaces w e r e  mounted 
l o w  on the  fuselage  beneath the canopy as sham i n  figure l(b] . 

- with the  center l ine of the initial ort ion of the duct d i n e d  with theo 

Inlet Details 

Figures l (c)  snd (d) present a photograph and a schematic diagram, re-  
spectively, of one of the inlets. The leading edge of the fixed-angle (go) 
first ramp waa positioned so t h a t  the first oblique shock w a s  placed ne- 
the cowl l i p  at a Mach number of 2 .O. The posi t ion of the leading edge of 
the second ramp was varied along the surface of the ffrst. The unextended 
posi t ion (6 = Ot see f i g .  l (d))  was such that, for a second-ramp angle of 
19O, the second oblique shock theoret ical ly  w u l d  be st the cowl U p  at a 
Nach number of 2.0. Several  second-rmp angles w e r e  investigated,  each 
calculated to posit ion the second oblique shock at the cowl l i p   f o r  a 
particular  design Mach nuniber with e = 0. These were 88 foUous: 

nuuiber 
f I 

1.9 
13 1.7 

1.5 
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In  addition, second-ramp angles of Oo and 30°. 
obtaining low stable  inass-flow ra t io s  at high 

Compressian-surface  boundary layer could 

. - 
were tested as a means of 
Mach zllzmber8. 

be removed through perfora- 
t ions  in-the second ramg just ahead of the cowl. The perforations were 
d i n e d   i n  successive rows i n  the flow direct ion  for  the-OO-cant inlet 
and staggered so that al ternate  rows  were d i n e d  for the  -5O-cant inlet. 
I n  addition, a flush s l o t  in the  second raznp just imide the cowl and a 
combination of t h i s  s l o t  and the perforations w e r e  inveetigated wlth the h 
0'-cant inlet; This  configuration  can be seen i n   f i g u r e  l (c )  . Bleed air 
entered the  fuselage cavLty and w a s  exhausted at the base of t h e  mdel .  

. -  .-- 

.- 

z 
The effect  of 

is shown i n   f i g u r e  

- 

second-ramg angle on- subso&-diffuser  area  vaziation 
2. Duct cross  sections are &lso indicated. 

Instrumentation and Data Reduction 

To determine the local  f low conditions just upstream  of the inlets, 
two rakes with  s ta t ic-  and total-pressure  instrumentation (Bee f igs .  3 and 
4) were mounted  on the fuselage at model s ta t ion  34.78 ahead of-" of- the 
inlets, and  two 6O-half-angle wedges wlth t o t a l -  and surface  static-preesure 
instrumentation were mounted at the same model s ta t ion  s h e d  of the  other 
inlet. The B t o t  and atatic-pressure prof i les  obtained, from the rake data 
were used t o  compute the local. total-pressure  profile.  The wedge data 
were used t o  determine loca l  Mach llumber ahead of the  inlets and loca l  
f l o w  angularity with respect t o  the plane of the wedges. Tt-Lia plane wa6 
normal. t o  the fuselage  surface and p a r a l l e l   t o   t h e  fuselage centerline. 
Some data were  obtained x i t h  two total-pressure rakes just   ins ide each 
cowl at model s ta t ion  41.00 with wall static-pressure  orffices at t h e  
ends of each  rake. These rakes were used to obtain the  total-pressure 
profile at the  entrance of the  duct t o  a id  in selecting a posit lon  for= 
Mach  number sensor f o r  second-ramp control. Each duct WBB instrumented 
at model s t a t ion  48.91 t o  record t h e  static-pressure  variation during 
unstable  operat-fon. 

I- 

At the conspressor-face s ta t ion  (model. i t a t i o n  64,971, six equally 
. "  

spaced rakes were employed. Each rake cori&isted-of-four  total-pressure 
tubes arranged f o r  area-weighted averages and an  @ditional tube located 
immediately  adjacent t o  the  outer wall. Air  distortion was computed from 
all t h e   t o t a l  tubes,  and pressure  recovery was obtained from an  average 
of those  tubes =ranged for area-weighted  averages. Downstream of these 
rakes at model s ta t ion  71.11 were located  efght  etatic-pressure  orffices, 
four i n  the outer wall and four i n  the centerbody. hkS8-flOW calculations 
were made using the average static  pressure  obtained  fromthese orifices 
wlth the assumptiom of a choked geometrical minimum area determined at 
t h e  duct  exit  by p lugpos i t ion  and a plug discharge  coefficient of' 0.99. 
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The  two boundary-layer bleed dicta  used to   cap ture  some of the fuse- 
lage boundary layer  were each  instrumented at nmdel s t a t i o n  66.87 with a 
three-tube  total-pressure  rake and two wall s ta t ic-pressure  or i f ices .  
Mass-flow calculations w e r e  made from these measurements. 

The axial force on the  model was measured with an i n t e rna l   s t r a in -  
gage balance  system with the  Oo-cant fn l e t s  only. 

FESULTS PWD DISCUSSION 

Inlet Survey 

Local  flow  angularity and Mach number were computed at the two posi- 
tions on each  of the wedges. These four  values  for Mach number and an- 
gular i ty  w e r e  averaged and are presented as a function  of free-stream 
Mach  number for   several  angles of a t t ack   i n   f i gu re  3 (a]. For  the yaw 
data shown i n   f i g u r e  3(b), the four  values of Mach nmiber w e r e  averaged 
and the two values of angular i ty   for  each wedge w e r e  averaged. These 
data indicate   that   the   average  local  Mach number ahead of the inlet did 
not vary appreciably  for angles of  attack up t o  5O nor f o r  angles of yaw 
and WBB always higher than the free-stream  value.  In  addition, the l o c a l  
flow angularity  with  respect  to the plane of the wedges was  always more 
posit ive  than the model angle of attack. At  angle  of yaw t h e  upper wedge 
indicated a higher  flow  angularity  than  the  lower wedge. (The wedges were 
on the  windwazd s ide  of the fuselage  for  posit ive  angles  of yaw. ) 

The survey-rake  data  (fig. 4) indicate  that f o r  all positive  angles 
of attack  the  fuselage boundary layer  thickened ahead of   the upper portion 
of the inlet3 at angles  of yaw it thickened ahead of the bottom portion 
of the lee inlet. In both  cases the posi t ion of the first-ramp  leading 
edge shows that t h e  thickening ef fec t  wa8 s u f f i c i e n t   t o  cause some 
boundary-layer air t o   e n t e r  the inlet. This  can also be seen i n  figure 
5 from the   p rof i les  of the OO-cant inlets, where l o w  recovery air is 
present  near  the ramp surface for these conditions. Some typica l  
compressor-face prof i les  are also shown i n  this figure. 

Compression-Surface Boundary-Layer Removal and Effects 

of Second-Ramp Positfon 

The ef fec t  of compression-surface  boundary-layer  removal on the dif- 
fuser  airflow characteristics with e = 0 is shown i n  figure 6. As 
shown, the slot   configuration  considerably  increased  the  subcrit ical  sta- 
b i l i t y  range  over that  obtained ~ t h o u t  boundary-layer bleed, while the  
perforations had no effect on s t ab i l i t y .  Both configurations  sl ightly 
increased  the  total-pressure  recovery  over the no-bleed case, with a 
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s l igh t   decrease   in   c r i t i ca l  mass-flow ra t io .  Althaugh data &re not  pre- 
sented,  increasing the  number of rows of perforations from 6 t o  10 rows 
also reduced cri t ical  mass-flow r a t i o  without  affecting  other performance 
chazacterist ics . 

The e f fec t  of second-ranq! posit ion on p e r f o r m a n c d t h  the 610% 
boundary-layer-removal  system i s  presented i n  figure 7 f o r  2O angle  of 
attack. As the second ramp wa8 t ranslated upstream along the surface of 
the f irst ,  an  increase i n  total-pressure  recmery w&8 obtained; however, 
t h e   c r i t i c a l  mass-flow r a t i o  and the subc r i t i ca l   s t ab i l i t y  range were de- 
creased  considerably. 

The couibined effects of compression-surface  boundary-layer  control 
and second-ry   pos i t ion   a re  summaxized f o r  Z0 angle of a t tack  in   f igure 
8(a) and for  0 angle of .attack i n  f igure 8(b). The most important  points 
to be made are 88 follows: 

(1) Pressure  recovery wae essent ia l ly  independent oFtype  of-bleed.  

(2) The range of stable maas flows FTBS greatest fo r   t he  slot &one 
(fig.  I 

(3) Increwtug second-ramp extension  increased  pressure  recovery. 
A t  an angle of attack of Z0 t h i s  was accompanied by a reduction in c r i t i -  
c a l  mass flow  (fig. 8(a)). A t  Oo, however, m a  f l o w  w a s  independent of 
ramp extension  for exknsions less than  0.25 inch. 

Although not shown, the   e f fec ts  on d is tor t ion  of varying  the method 
of boundary-layer remvaL or   t ranslat ing the second ramp were small. 

Ins t ab i l i t y  

D u r i n g  the  investigation two types of - in le t   sub .c r i t i ca l   ins tab i l i ty  
were determined. As the mass-flow r a t i o  was decreased from t h e   c r i t i c a l  
value, the normal shocks of both inlet8 moved upstream  of the inlets uni- 
formly and i n  a stable manner until at a p&icular mass-flow r a t i o  twin- 
duct asymmetry began t o  occur. The instrumentation inside the inlet showed 
that, as the  mass flow w a s  fur ther  reduced, the  normal shock of one i n l e t  
continued t o  m o v e  gradually upstream while the other normal shock gradual- 
l y  moved back in to -  the. inlet = During operation of this type the normal 
shocks began t o  o sc i l l a t e  locdly, resul t ing i n  s m a l l  variations i n  d i f -  
fuser  pressures which gradu&lly incremed in amplitude.  This  instability, 
which will be refer red   to  as f l u t t e r ,  is indicated  in  succeeding figures 
by a flagged symbol. Eventually, as the mas6 f l o w  was decreased even 
further, i n l e t  buzz occurred,  during which the normal shocks oecillated 
over  large  distances  with a sharp rise i n   t h e  amplitude of diffuser  pres- 
sure variations.  
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In  general, the operating  regions where either of the  two types of 
instabi l i ty   occurred w e r e  eas i ly  determined  from schlieren  observation 
and transient  pressure  instrumentation.  Occasionally, however, such &8 

at high angles of  at tack,  the  oscil lations of the normal shocks  gradual- 
l y  increased  without sudden  change. Some measurements of the amplitude 
of static-pressure  variations  within t h e  inlet were obtained while total" 
pressure rakes w e r e  i n   pos i t i on   j u s t   i n s ide  the cowling. The presence 
of these rakes occasionally had a small ef fec t  on the mega-flow-ratio 
limits at which i n s t a b i l i t y  occurred,  but  they  did  not change the general 
trends of the amplitude  variation as instabi l i ty   increased.  These data 
are indicated in f iguree 9( a) and 10( a) by so l id  syuibols . 

Effect of Cant on I n l e t  Performance 

Performance character is t ics  at Mach  number of 2.0 and 6 of 0.25 
are  presented  for t h e  Oo-cant inlet i n  figure 9(a) and f o r   t h e  -5O-cant 
inlet i n   f i g u r e  9(b). Comparison of the two figures shows that   cant ing 
the inlets t o  -50 appreciably improved the  inlet total-pressure  recovery 
at positive  angles of attack  greater  than 2'- For extuple, at 9' angle 
of  a t tack the peak total-pressure  recovery w88 increased  from 72 percent 
with the 0' cant t o  79.5 percent with the  -5' cant  with no chsnge i n  
c r i t i c a l  mass-flow r a t io .  A t  2O angle of a t tack wLth the  -9 cant, the 
c r i t i c a l  mass-flow r a t i o  was reduced 2 percent f r o m  that   obtained with 
the  Oo cant, and only a s l igh t   i nc rease   i n  peak  pressure  recovery ma 
obtained. As a further r e su l t  of the  -5O cant ,   both  the  cr i t ical  mass- 
flow  ratio and peak pressure  recovery at angles of a t tack  less than 2O 
were reduced from the values  obtained with the Oo cant. The range of 
buzz-free  subcritical mass-flow ratios  increased  appreciably at all angles 
of a t tack with the -5O-cant inlet . Distortion w a s  about 7 percent   for  
cri t ical  and subcritical.  operation with both inlet configurations. A t  
c r i t i ca l   opera t ion  with the Oo-cant inlet at Oo angle of  at tack,  the 
m3.d component of the drag coefficient was about 0.17 compared xLth 0-21 
f o r  a similar configuration  reported  in  reference 1. 

Trends s i m i l a r  to  those  obtained at a Mach  nuuiber of 2.0 were ob- 
tained  over  the  entire Mach nuniber range investigated. The effect of 
changing the  inlet cant at a Mach number of 1.5 is  shown i n   f i g u r e  9(c) 
(0' cant) and 9(d) (-5O cant) . A t  these lower Mach numbers the change i n  
subc r i t i ca l   s t ab i l i t y  was s d l ,  but the pressure  recovery at high angles 
of at tack s t i l l  increased. 

Yaw data were obtained at a Mach number of 2.0 for   both  the Oo- and 
-5O-cant in le t s   ( f igs .  l O ( a )  and (b), respectively). Although the -5O- 
cant inlets fielded s l i g h t l y  reduced c r i t i c a l  mass-flow ra t ios ,  an ap- 
preciable  increase  in  the  buzz-free  subcrit ical  mass-flow range was  ob- 
tained,  especially  for  angles  of yaw greater than 3O. Duct operation w a s  
asymmetrical at all angles of yaw. - 
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Inlet Performance with 0' and 30° Second-Rarup Angles 

Second-ramp angles of Oo and 30° were investigated as a means of ob- 
ta ining low stable mass-flow r a t io s  at high Mach numbers. These data with 
the  Oo-cant inlets appear i n   f i g u r e   U ( a )  for a Mach number of 2 .O and i n  
figure U ( b )   f o r  a Mach  number o f l . 5 .  Similar results were  obtained w€th 
the  -5O-cant inlets, and data are  not presented. A t  Mach number 2.0 with 

. both ramp posit ions low buzz-free mass-flow ra t io s  could be obtained; how- 
ever,  with the g0 ramp f l u t t e r  was observed f o r  a l l  nonbuzzing operatfng 
conditions. Lower stable mass-flow r a t i o s  were available  with  the 30' 
ramp a t . a  Mach number of 1.5. Distortion wa8 about 5 percen-twlth the F 
30° ramp f o r  all operating  conditions. For the  0' ramp the  distorkion 
was always above 7 percent and reached a m a x i m u m  of 27 percent at l o w  
mass-flow r a t i o s  at Mach nuniber of 2.0. 

IP 

Performance  with  Fixed Second-Ramp Angles 

The c r i t i c a l  mass-flow ra t io ,  the s tab i l i ty   l imi t s ,  and c r i t i c a l  and 
peak total-pressure  recoveries are presented aa a function of free-stream 
Mack number f o r  fixed second-ramp angles i n   f i g u r e  12.  As the  free-stream 
Mach  number decreased, there was no marked change i n  the   subcr i t ica l  sta- 
b i l i t y  range for any one fixed ramp angle. 

Ef'fect of Canwds 

With the  canard  surfaces mounted on the fuselage upstream of the 0'- 
cant inlets, the data (fig. 13) show that for  posit ive  angles of attack 
the  total-pressure  recoveries were improved without lOS8 i n   c r i t i c a l  mass- 
flow ra t io .  The sol id  symbols i n   t h e  figure indicate   the data taken with- 
out  canards (*om fig. 9(a)> at angle of a t tack of go, where the largest  
improvement was observed. A t  0' angle of attack with the  same peak t o t a l -  
pressure  recovery  the  cr i t ical  mass-flow r a t i o  was reduced slightly. The 
dis tor t ion  waa reduced at dl posi t ive angles of attack. The range of 
subc r i t i ca l   s t ab i l i t y  was undfected.  

SUMMARY OF RESULTS 

An investigation w a s  conducted t o  determine  the performance of a 
double-rmq,  twln-duct  air-intake  system mounted on the s ides  of a 1/8- 
scale  f u s e l a g e  forebody model of a proposed aircraft. The inlets w e r e  
studied at Oo and -5O cant with respect t o  the  fuselage  centerline at 
free-stream Mach numbers of 1.5 t o  2.0. Several second-ramp angles, sev- 
eral second-ramp longltudinal  positions  along the  first-ramp surface, and 
various methods of second-ramp surface boundary-laxer removal  were tested. 
Some data w e r e  obtained  with  canards mounted on  the  fuselage upstream of 
the  OO-cant inlets. The following results w e r e  obtained: 

- 

- 
c 
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1. With a par t icu lar  second-ramp position, a s l o t   i n   t h e  second ramp 

tained  without bleed, whfle  perforation8 in t he  second r m p   j u s t  upstream 
of the  cowl had no ef fec t  on stabil i ty.   Neither method of boundary-layer 
removal improved pressure  recovery more than 2 percent. 

- jus t   ins ide   the  cowl increased  the  subcrit ical .   stabil i ty  over  that  ob- 

2 . Translating  the second ramp upstream d o n g  t h e  surface of t he  
first at 2O angle of attack  increased  the  pressure  recovery  sl ightly but 
reduced the  stable  subcrit ical   operating  range. At  Oo angle of attack, 
however, the  increase  in  pressure  recovery w a s  obtained  without loss i n  
subcr i t ica l   s tab i l i ty .  

3. Canting the  inlets from Oo t o  -5' improved the  pressure  recovery 
at positive  angles of a t tack greater than 2O at all t he  Mach numbers in- 
vestigated. At Mach nuuiber 2.0 and 2O angle of attack,  the -50-cant in-  
l e t  yielded a peak pressure  recovery  of 86 percent and a cr i t ical  mass- 
f low  ra t io  of 84 percent  with 28 percent   s tabi l i ty .  The d is tor t ion  was  
about 7 percent   for   c r i t i ca l  and subcrit ical   operation. 

4. Asymmetrical duct flow occurred  only  during  flutter and buzz oper- 
a t ion  at angle of attack,  but  for all operating  conditions at angles of 
yaw. 

& 

5. Both Oo and 30° second-ramp angles prodded low, buzz-free  sub- 
cri t ical  mass-flow rat ios   over   the Mach  number range. The dis tor t fon 

ramp yielded a range from 7 to 27 percent at low mass-flow r a t i o s  at Mach 
mtriber 2.0. 

. was about 5 percent  with the 30' ramp f o r  a l l  conditions,  while  the Oo 

6. Addition of canaraa mounted on t he  fuselage nose  upstream of the  
0'-cant inlets increased  the  pressure  recovery and reduced the   d i s tor t ion  
at all posi t ive Etngles of attack. 

Lewis Flight  Propulsion  Laboratory 
National  Advisory Conunittee f o r  Aeronautics 

Cleveland, Ohio, Rove&er 21, 1956 
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at Supersonic Speeds of Twin-Duct Side-Intake System with Two- 
Dimensional Double-Shock Inlets. NACA RM E4C08, 1954. 

2. S t i t t ,  Leonard E., and Wise, George A.: Investigation of Several 
- Double-Raq  Side Inlets. NACA RM E54D20, 1954. 
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(b) Effect of angle of yaw. 

Figure 3.  - concluded. Variation of berage local Mach number and flow angularity ahead o f  inlet r l t h  
free-strcem bIach mmber and augles of attack an8 saw. 
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(a) Angle of attack, -2.3O. 

( c )  Angle of attack, 20. 
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(b) Angle of attack, Oo. 

(f) Angle of yaw, -2.3O. 
1.2 

-4 
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-2  .4 .6 .e 1.0 1.2 .2 -4 .6 - 8  1.0 1.2 

Ratio or local to fiee-stream  total  pressure, P 1 / p 0  

(g) Angle of y a w ,  2.3O. (h) Angle of yaw.  6O. 

Figure  4 .  - gi feat  of model angles of attaak and yau on local total-pressure 
clletributlon ahead of inlet. - 
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(a) Angle of attack, OOJ P3/Po - 0.0603 ~ 1 . 0  - 0.851. 

(b) Angle of attack, -2.3O~ P3/Po = 0.8671 (c) Angle of attack, Z?J P3/Po = 0.84l~ 

Figure 5-  - Effect  of .ingle8 of attack and yaw on inlet and corn eesor-face profiles for 

%/mg = 0.044. %/% 0.836. 

1g0 seconct-ramp angle at free-stream ~ a c h  number of 2.0 and o gr cant. 



(e) Angle of yaw, 6 0 1  P3/Po = 0.821; %/mg = 0.833. 

Figure 5. - Concluded. Effect of angles of attack and yaw on inlet and compressor- 
face p o f i l e s  for 190 second-rmup angle at free-stream Mach number of 2.0 and @ 
cant. 
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Figure 6. - Effect of compression-surface boundary-layer removal on inlet 
performance. MBch number, 2.0& second-ramp angle, 19O~ second-ramp ex- 
tension, 03 w e  of attack, 2 ; cant, 00. 

.6 .7 .8 .9 1.0 
Mass-flow ratio, m3/mg 

Figure 7. -. Effect of second-ramp extension on i n l e t  performance. Mach 

of attack, 2'; cant, Oo. 
number, 2.0; second-ramp angle 190~ d o t  boundary-layer removal; -e 
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.R .- 
0 .2 .5 .b .5 

Second-ramp extarmion 

(a) Angle of attack, 20. (b) Angle of attack, 0'. 

Figure 8 .  - Summary of affects of compression-surface boundary-layer-removal system and second-ramp extension on inlet 
performance. Mach number, 2.01 second-rap angle, ISo; cant ,  e. 
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hes-flov ratio, m3/9 
1.0 

(a) Hach number, 2.03 second-rampangle, Do; cant, 00. 
Figure 9 .  - Effect of cantron angle-of-attack pari-nce. 
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(b) Mach nuniber, 2.0; second-ramp angle, 19O; cant, -5O.  

23 

Figure 9. - Continued. Effect of cant on angle-of-attack 
performance. 
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(c) &ch nunfkr, 1.5; second-ragg angle, 90; cant, go. 
Figure 9. - Continued. Effect of cant on angle-ofattack performance. 
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(a) cant, 00. 

Figure 10. - EXfect of c a n t  on aule-&-yaw prdomance. Mach d e r ,  2.0; 
mecod-raw angle, NO. 



MACA RM 156Kl.5 I_ 21 

. 

.4 .5 .6 .7 .8 .9 
M S S S - ~ ~ W  ratio, ms/mg 

(b) Cant, -5O. 

Figure 10. - Concluded. Effect of cant on angle-of-yaw performance. Mach 
number, 2.0; second-ramp angle, 19O. 
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1.4 1.6 1.8 2.0 
Free-stream Mach number, & 

(a) Second-ramp angle, 21O; (b) Second-ramp angle, 19'; 
cant, -50. cant, -50. 

Figure 12. - Performance variations  with free-stream Mach 
number for fixed second-ramp angles. Angle of attack, Z 0 .  
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(c) Second-ramp 
angle, 17Oj 
cant, -so. 

Operating condition 
0 critical 

Peak recovery 
A start of flutter 
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Free-stream Mach number, Mo 

(a) Second-ramp  angle, 130; (e) Second-ramp angle, 
cant, -so. 90; cant, -50. 

Figure 12. - Continued.  Performance  variations  with  free-atream  Mach  number 
for fixed second-ramp  angles.  Angle of attack, 2O. 
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1 .. 4 1.6 1.8 2;o 
Free-stream Mach number, Q 

(f) Second-ramp angle, 30'3 ( 8 )  Second-ramp angle, 0'; 
cant, 00. cant, 00. 

Figure 12. - Concluded.  Performance variations with Ree-stream 
Mach number for fixed eecond-ramp anglee. angle of attack, 9. 
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.5 .6 .7 .8 .9 
~ass-fl~w ratio, m3/mg 

Figure U. - Inlet performance with canards mounted on fuselage nose. Mach 
number, 2.0; eecond-ramp -e, 190; cant, 00. 
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